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ABSTRACT

A comprehensive investigation of potassic rocks forming intrusive, lava and dyke bodies in central-cast-
ern Paraguay was undertaken with the main aim of characterizing the rock associations in the context of the
Early Cretaceous ignecus activity in South America,

This study, based on an analytical data bank obtained from over 400 specimens, enabled to recognize two
main suiles. i.e. a basanite-tephrite-phonotephrite-phonolite (B-P} and an alkali basalt-trachybasalt-
trachyandesite-trachyphonclite/trachyte (AB-T), respectively. Most compositions fall within the range 49-54
Si0, (wt %), only about 12% of the B-P rocks having Si0,>54 (wt %). On the other hand, about 37% of the
AB-T rocks yielded 5i0,>54 (wt %) with two maxima at 52 and 58, respectively. Compositions with K0/
Na,O=1-2 (K) are dominant, while compositions with K 0/Na,0>2 (HK) arc important among the intrusive
bodies and dykes. Transitional (tK) compositions, as defined by Comin-Chiaramenti et al. (this volume,
Magmalism) are abundant in the dyke swarms, but subordinate and uniformely distributed in the B-P and AB-
T suites {23% and 24%, respectively),

Intrusives, dykes and lavas show scattered compositions with similar chemical {fariétions, suggesting that
subsofidus transformations may have been important. Relatively low Cr and Ni (mean=320+83 ppm and 89+28
ppm, respectively) of the specimens with mg#>0.6 (N=62) indicate evolved liquid compositions and support
the view that crystal fractionation was important in the evolution of the suites even for the compositicns with
highest mg# (0.63-0.73).

REE patierns display strong LREE fractionation. Strong LILE/HFSE fractionation and negative Ta-Nb-Ti
anomalies mimic those of the associated tholeiitic basalts of the Serra Geral Formation. This important rela-
tionship and the geological setting of the province are not favourable to a subduction-driven magma genesis.

A garnet peridotite mantie source seems consistent with the petrochemical data to approach the preblem
of the origin and genesis of the suites.

INTRODUCTION thick flow sequences and dykes are well exposed
and close to the main roads (Gomes et al., this

Previous studies of the alkaline magmatism  volume).
in Eastern Paraguay mainly focussed on the cen- A systematic petrological study of the abeve
tral region (i.e. the Asuncidén-Sapucai graben, region was initially undertaken by an interna-
ASU, Fig.l), where shallow level intrusives,  tional team from the Universities of Sfo Paujo
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Figure 1 - A. Map of the Asuncidn-Sapucai graben, showing the major outcrops of igneous rocks. B. R1-R2 plot (De La
Roche et al., 1980} with the fields of the tholeiitic (SG) ard alkaline (sodic) rocks (ASU) from Eastern Paraguay and the
general trends of the B-F and AB-T suites (nomenclature of lavas only is shown). Data source: Bellieni et al., 1986; Comin-
Chiaramonti et al., 1991; Comin-Chiaramonti et al. (this volume, Appendix II).

Melbourne {Australia) and Asuncién (Paraguay),
with the main aim of understanding the genetic
refationships between the dominant continental
flood basalts of the Serra Geral Formation and
the associated alkaline rocks in western
Gondwana. This is fundamental in understanding
the relationship between magrriatic activity and
the opening of the South Atlantic Ocean.

This paper presents the results of a com-
prehensive petrochemical investigation of the po-
tassic rocks in central-eastern Paraguay with the
view of delineating their elemental distribution
and variations in terms of their occurrence and
distribution, i.e.intrusive, lava flow and dyke for-
mations. Two suites were recognized, i.e.
basanite-tephrite-phonotephrite-phonolite (B-P)
and alkali basalt-trachybasalt-trachyandesite-
trachyphonolite/trachyte (AB-T}, respectively
(Comin-Chiaramonti et al., this volume,

Magmatism). The data base is given in Comin-
Chiaramonti et al. (this volume, Appendix II).
Major and trace element analyses were car-
tied out at Trieste University (Italy) by P. Comin-
Chiaramonti, A. De Min and A. Marzoli, using
the XRF procedures described in Bellieni et al.
(1983). Major element compositions were recal-
culated to 100%, on an water-free basis, total Fe
being given as FeO. REE, Th, U, Ta and Y of se-
lected specimens were measured by a  Perkin-
Elmer Sciex Elan 500 mass spectrometer (ICPM)
at CEPA s.1.1. (Palermo, Italy), following the pro-
cedure described by Alaimo & Censi (1992).

FREQUENCY DISTRIBUTION

The Si0, (wt %) frequency distribution of
potassic rocks shows that the specimens of the B-
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P suite yielded a maximum between 49 and 51
wt %, and those of the AB-T suite between 51 and
53 wt % (Fig. 2A}). The SiO, frequency distribu-
tion of the B-P suite is probably unimodal, ow-
ing to the scarce number (c. 12%) of specimens
with silica in the 54-63 wt % range.

The specimens of the AB-T suite tend to con-
centrate at $10,>54 wt % (37%) and form a bi-
modal distribution, due to the “high” represented
by rocks with SiO, in the 58-59 wt % range
{7.5%; Fig. 2A).

Compositions with K,O/Na,O wt % ratio in
the 1-2 range (K group; Comin-Chiaramonti et
al., this volume, Magmatism) are dominant. Tran-
sitional compositions (Na,0-2<K 0 to K O/
Na,O=l: tK group) are subordinate and
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Figure 2 - A, Si0, (wt %) histograms for basanite/tephrite/
phonotephrite/phonolite (B-P) and alkali basalt/trachybasalt/
trachyandesite (AB-T) suites. HK: K,0/Na,0=2;
K: (2<K,0/Na,0<1); tK: (K,0/Na,0<1). B. histograms
subdivided into intrusives, lavas and dykes. C. insets: his-
tograms showing frequency distribution for SiO, vs. MgO
{wt %) for the B-P and AB-T suite, respectively.

uniformely distributed (23% and 24% in the B-P
and AB-T suite, respectively). Compositions with
K,O0/Na,0>2 (HK group) prevail among the
intrusives, while tK are abundant in the dyke
swarm. .

Total alkali distribution (Na,O+K,O wt %) is
unimodal in both suites (Fig. 3A), with a ten-
dency of the specimens from the B-P suite toward
higher (Na,O+K O) values {47% of specimens
with (Na,0+K,0)>9 wt %} relative to those from
the AB-T suite {35% of specimens with
{Na,0+K,0)>9 wt %}

Generally, the specimens from the latter suite
are also lower in Na,O relative to those of the B-
P suite.

Compared with specimens with Si0,=<54
wt%, it is apparent that specimens from the B-P
and AB-T suites average similar Si0, and Na,0
values (510,=50.19+2.02 wt %, Na,0=3.80«
1.02 wt %; and Si0,= 51.67+ 1.70 wt %, Na,0
=3,33x1.02 wt %, respectively). However, the
specimens from the AB-T suite (Figs. 3B and
3C) are grouped toward lower TiO, (1.54:+0.27 wt
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%), P,O, {0.51+0.13 wt %) and incompajible ele-
ments  (ppm: Rb=92x32, Sr=1477+333,
Zr=243+64, Y=19+5, Nb=32x11, Ba=1354+ 405,
La=74222, Ce=132%34, Nd=56%14) than those
from the B-P suite (i.e. TiO,=1.68+0.32 wt % and
P 0,=0.59%0.20 wt %; Rb=103+49, Sr=1722+440,
Zr=291+88, Y=21x6, Nb=45x 17, Ba=1523+392,
La=92125, Ce=162+40, Nd=68+16 ppm).

Average compositions of specimens with
Si0,=54 wt % from both the B-P and AB-T
suites, representing intrusives, lavas, and dykes
are given in Table 1.

VARIATION DIAGRAMS

The compositional variation of the alkaline
rocks relative to Si0, wt % is shown in Figures 4
to 9.

in general, AL,O,, Na,O and K, O increase and
Ca0, FeQ, MgO, Ti0, and P,0, decrease as Si0,
increases, while the trace elements are widely
scattered.

It is evident that the compositional ranges re-
sult from the presence of two main groups, i.e.
B-P and AB-T suites, respectively, whose com-
positional fields partially overlap.

Comparing strongly compatible elements,
e.g. Cr and Nij, and strongly incompatible ele-
ments, e.g. Zr, it can be inferred that the initial
zirconium values (Zr,) should be in the range
100-400 ppm for both B-P and AB-T suites
(average: Zr, =291 and 243 for B-P and AB-T, re-
spectively; cf. Figs. 10 and 11 and Table 1), sug-
gesting evolution of liquids from different
parental souzces.

Notably, correlations between Zr and other
incompatible elements, particularly Nb, La, Ce,
Nd, for both suites are not in general-represented
by straight lines passing through the origin.

However, the high positive correlations, be-
tween Zr and other incompatible eiements e.g.
LREE (cf. regression lines of Figs. 10 and 11),
discriminate well the B-P from the AB-T compo-
sitions, suggesting liquid evolution at roughly
constant LREE/Zr ratios.

Wide scattering of points is observed in the
most evolved compositions i.e. trachytes,
trachyphonolites and phonolites and their intru-
sive equivalents.
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Y is strongly scattered in the B-P com-
positions, while there is a rough correlation with
Zr (r~0.74} in the AB-T compositions with
Si0,=54 wt %.

In both suites, some of the peraikaline com-
positions have very low Y and relatively high Zr,
suggesting possible garnet fractionation (Ti-an-
dradite; cf. Cundari & Comin-Chiaramonti, this
volume; Comin-Chiaramonti et al., this volume,
Appendix III), and very high fO, conditions.

RARE EARTH (REE) AND INCOMPATIBLE
ELEMENTS (IE)

REE and IE variations of representative
samples are presented in Table 2. Chondrite-nor-
malized REE plots for intrusives, lavas and dykes
of the B-P and AB-T suites are illustrated in Fig-
ures 12 and 13, respectively.

All rock-types are strongly enriched in REE
and exhibit steep chondrite normalized profiles
(La: 21-164 and 33-157 ppm, La/Lu, 26-161
and 17-62, B-P and AB-T suites, respectively).
The analyzed samples yielded similar parallel to
subparallel trends which tend to flatten out in the
HREE (Dy,/Lu,: 1.24-1.96 and 1.09-2.00, B-P
and AB-T, respectively), except for two samples
of the B-P suite, i.e. 2-HK and 10-HK {Table 2A),
representing a seriate essexite, and a xenolith of
essexitic gabbro with cumulate leucite + biotite
+ alkali feldspar, respectively.

The latter two samples display the highest
Dy, /La, ratios (6.61 and 7.55, respectively),
showing also the lowest and highest REE concen-
trations, respectively (Table 2A and Fig. 12).

Excluding cumulate assemblages (e.g. 2-HK;
Table 2A), Eu/Eu* tends to show scattered nega-
tive values in the B-P group (0.86+0.14) against
the “normal” values of the AB-T group (Eu/Eu*
= (.96x0.08).

The similarity in REE profiies suggests that
all the potassic rocks reflect similar processes
and the high LREE/HREE ratios imply that gar-
net may have been a residual phase in their gen-
eration.

Differences between intrusions may reflect
slight variations in degree of melting and/or dif-
ferent metasomatized sources (cf. also Comin-
Chiaramonti et al., 1992).
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Figure 5B - SiO, (wt %) vs. trace (ppm) elements for intrusives of the AB-T suite. Dotted area: variation of the B-P series.
Other symbals as in Fig. 4A.
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Figure 7A « Si0, vs. major elements (wt %) for lavas of the AB-T suite. Symbols as in Fig. 4A.
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B-T suita: Intrusive rocks + Lava flows :]AB—T suite: Intrusive rocks + Lava flows

Figure 9A - 510, vs. major elements (wt %) for dykes of the AB-T suite. Symbois as in Fig. 4A.
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Alkaline Magmatism in Central-Eastern Paraguay
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Table 2-A. Concentrations (ppm) of REE, Th, U, Tu, Y (ICFM) and other incompatible elements (XRF) for selected ASU samples (B-P suite); mg#=molecular
MgO/(MgO+FeO), assuming Fe,Q [Fe0=0.18 .

2

B-P SHHTE
INTRUSIVE ROCKS LAVA FLOWS DYKES
1-HK 2-HK 3-HK 4-K 5-K G6-K 74K 8-K LEVA 10-HK 11-HK 12-K 13-K 14-K 15-K 161K 174K
51-3152  39-PS330  52-PS264 77-PS245  56-PS268  27-PS535  21-PS539 143-P831  257-PS-Z04 D16-5018 DI110-P5102 D2E1-3088 D207-PSiil D213-3398 DI5S1-PS28  D76.PS259 DI122-PS34
La 1G9 21 83 1G8 106 114 84 88 98 164 98 88 84 63 88 87 106
Ce 196 51 164 204 204 207 153 157 179 302 186 166 140 135 163 162 161
Pr 7.0 18.5 23.8 18.4 20.3 28.8 16.5 15.3 16.2 194
Nd 76.5 29.3 66.3 90.2 93.7 84.0 64.8 G2.6 74.6 112.4 63.2 60.6 63.8 44.1 55.2 69.5 73.4
Sm 11.3 8.9 11.3 13.8 14.4 12.3 10.12 10.05 12.68 23.5 15.9 14.8 12.80 12.4 133 16.80 20.0
Eu 2.88 3.77 3.04 3.67 3.86 3.23 2.76 2.63 3.46 5.6 2.02 2.50 2.38 2.94 2.6 295 3.60
Gd 7.46 5.66 5.81 2.09 9.63 7.88 6.89 6.98 8.91 14.5 5.93 6.40 6.40 8.19 6.5 7.09 8.40
Tb 0.75 1.11 0.90 1.06 1.9 0.59 0.75 .74 i.l 0.90 (.85 0.67
Dy 3.42 33 i 4.70 4.90 3.96 3.60 4.47 4.88 9.8 2.86 4.05 3.23 4.87 3.01 3.76 3.61
Ho 0.39 1.09 0.79 0.84 1.6 0.68 0.64 0.78
Er 1.55 0.67 1.47 1.77 2.08 1.68 1.67 2.06 2.4 4.4 1.59 1.90 1.80 2.21 2.20 1.54 2.22
Tm 0.05 0.24 0.35 0.29 0.6 0.28 0.23 0.34
Yb 1.07 0.27 1.16 i.36 1.46 1.29 1.35 1.93 1.68 2.2 1.59 1.6% 2.00 1.72 1.30 1.17 1.97
Lu 0.2 0.05 0.24 0.24 0.27 0.23 0.26 0.34 0.31 013 .23 0.25 0.20 0.25 0.20 0.20 0.29
Rb uooi. 337 136 114 69 146 65 128 103 126 260 89 108 72 105 32 69
Ba 1469 715 :.ﬁ 1958 768 1776 1322 1425 1694 2028 1935 1218 1448 1354 1325 1460 1626 o
Th 11.32 22 6.2 6.6 6.83 13.2 13.8 16.9 24.5 269 127 13.2 11.3 28.7 10.6 9.5 13.8 M
3] 2.43 0.2 1.9 1.7 1.47 25 25 2.5 5.8 59 35 2.6 21 6.0 23 1.4 2.7 m.
K 48235 78454 48235 44914 16936 58861 36280 48484 3495]1 54378 68990 33540 38936 30717 41510 28227 27065 W
Ta 35 1.8 2.4 31 24 4.1 3.9 1.8 4,8 4.0 3.1 3.2 2.2 3.2 31 3.6 34 3
Nb 52 12 38 41 34 46 46 48 62 46 62 47 40 30 46 51 52 A=}
St 14135 437 1507 1624 735 1716 159% 1531 1562 700 1626 1216 1836 1200 1429 1892 1913 I}
P 2444 873 3753 3273 3753 2793 2313 2182 3099 5630 2924 2269 1615 1877 2575 2226 2344 =
Zr 394 102 252 279 223 254 212 291 498 404 365 303 268 251 278 312 358 o
Ti 11510 9952 11450 12050 11630 8273 6774 8393 7014 15467 11391 9712 9352 10371 9532 10731 13729 5
Y 14.5 12.5 18.4 18.8 219 17.6 16.9 233 15.9 39.0 13.0 15.9 9.2 9.6 i7.6 16.6 29.2 m
=
&
ThZr 0.0287 0.0216  0.0246 0.0237 0.0306 0.0520  0.0651 0.0375 0.G492 0.0666 0.0348 0.0436 0.0422  0.1143 0.0381 0.0305 0.0386 F
Nb/Zr 0.1320 0.1177  0.1508 0.1041 0.1525 01811 0.2170 G.1649 0.1245 0.1139 0.1699 1.1551 3.1493  0.1195 0.1655 0.1635  0.1453 .m.
Th/Yb 10.579 8.148 5.345  4.853 4678 10.233  10.222 5.648 14.583 12.227 7.987 7.811 3.650 16,686 12.462 8.120 7.001 &
Ta/Yb 3.271 6.667 2.069 2279 1.644 3.178 2.889 0.933 5.000 1.818 3.208 1.893 1.100 1.861 2.385 3.077 1.726 W
E

mg# 0,695 0.618 0.589  0.683 0.676 0.530 0.506 0.472 0.488 0.512 0.486 0.720 0.628 0.627 0.506 0.605 0.560




1able 2-B. Concentrations (ppm} of REE, Th, U, Ta, Y (ICPM) and other incompatible elements (XRF) for selected ASU samples (AB-T suite); mg#=molecular
MgO/(MgO+FeQ), assuming Fe 0 /FeO = 0.18.

AB-T SUITE
INTRUSIVE ROCKS LAVA FLOWS DYKES
18-HK 19-K 20-K 21-K 22-K 23-K 24K 25K 26-tK. 271K 281K 201K 30)-HK 31-K 321K 334K
47-P5263  78-PS243 113-PS228 142.PS30 2083341 181-3090 163-pS237 259-PS20% 199.3344  254.PS206 100-PS233  42-PS315 D159-PS9  D70-PS136B  DY7-PS159 DBR-PS129

La 108 75 36 71 38 77 63 73 56 52 69 157 81 76 33 35
Ce 197 138 155 130 122 143 120 137 109 101 134 278 119 135 79 a8
Pr 13.7 14.7 12.9 13.0
Nd 65 .  59.7 65.2 582 69.1 59.5 58.2 62.5 5240 48.8 62.7 97 49.1 56.0 30.8 33.4
Sm 12.9 9.58 16.09 .75 12.32 9.4 10.03 16.68 8.83 8.45 10.60 14.7 0.8 1.2 9.2 9.7
En 2.5 2.62 2.73 2.76 372 2.2 2.87 3.07 2.52 2.49 3.00 3.8 2.6 2.73 1.8 2.2
Gd 4.3 6.54 6.79 7.13 8.88 4.6 7.28 7.50 6.16 5.82 7.32 6.6 4.7 6.81 42 48
Tb 0.85 1.06 0.77 0.65 0.90 0.6 0.7
Dy 3.5 3.46 3.3% 4.06 4.82 3.9 3.84 4.51 3.64 3.39 1.85 6.3 3.40 4.69 3.5 4.2
Ho 0.72 0.80 0.65 0.64
Er 12 1.54 1.51 1.97 1.83 1.5 1.65 1.90 1.52 1.50 1.62 3.0 1.70 2.21 1.7 290
Tm 0.28 0.26 0.24 0.27
Yb 1.0 i.14 1.13 1.45 1.41 1.48 1.25 1.69 1.31 1.26 1.30 2.6 1.32 2.30 1.5 2.0
Lu 0.18 0.23 0.21 0.27 0.26 0.21 0.24 0.30 0.23 0.24 6.24 0.4 0.19 0.43 0.17 0.21
Rb 162 123 97 123 53 100 41 70 92 56 81 70 119 88 66 86
Ba 1995 1344 1426 1268 1603 1186 729 1021 1117 1050 1142 2101 1334 1145 1368 1690
Th 9.8 8.4 10.5 6.9 3.4 11.9 6.7 12.4 7.2 8.6 9.1 22 322 31.7 2.8 9.6
u 3.1 2.3 2.4 2.2 0.8 2.3 1.7 2.4 1.1 1.4 24 5 7.4 9.5 1.4 1.7
K 67405 45578 42838 34370 23910 37525 17932 33125 31797 25736 32295 43254 47487 37359 17600 22416
Ta 3.2 25 22 14 1.8 4.4 15 1.9 2.3 1.7 2.5 2 i1 2.1 1.4 12
Nb 48 42 36 26 16 41 28 36 31 27 34 37 37 37 11 14
Sr 1618 1280 1834 1495 2057 1378 1527 1489 1224 1153 1555 1864 1163 1412 1336 1456
P 2575 1833 2575 2880 4059 2182 1615 2924 2051 1571 2400 1397 1484 2269 1266 1397
Zr 282 271 262 213 224 261 282 291 255 239 277 318 268 260 73 91
Ti 10551 10072 734 10431 12110 7854 10911 9832 9053 8213 9472 5396 9862 6295 6535 6595
Y 19 157 153 19.2 21.9 18.0 175 22.2 17.4 160 23.0 28 19.3 20.0 42 7.1
ThiZr 00257 00310 00401 00324  0.0152  0.0456 0.0238  0.0426 0.0282  0.0360 0.0329  0.0692 0.1201 0.1219 00384  0.1055
NbZr 01257 01550 01374 01221 00714 0.157% 0.0993  0.1237 0.1216 (1130 0.1227  0.1164 0.1381 0.1423 01507  0.1538
ThiYb 9.800  7.368 9207 4759 2.413 8.041 5.360 7.337 5.496 5.089 7.000 8.462 24.394 13,783 1.867  4.800
TafYb 3200 2193 1.947 0966 1.277 2.973 1.200 1124 1756 1349 1.923 0.769 0.833 0.913 0933  0.600
mg# 0651  0.618 0.571 0541 0.529 0.478 0.625 0.524 0.578 0.524 0.520 0.279 0.652 0.476 0.564  0.510
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Figure 12 - Chondrite-normaiized REE diagram for compo-
sitions from the B-P suite. HK, K and tK: highly potassic,
potassic and transitional polassic groups, respectively. Nor-
malizing values are from Boynton (1984).

The origin of Eu anomalies has not been sat-
isfactorily explained. Feldspar fractionation, cu-
mulus processes, or mixtures of phenocryst
(xenocryst)-loaded liquids from different stages
of magmatic evolution (Comin-Chiaramonti et
al., 1993) are plausible means for producing
slightly deficiency or excess in Bu. However, it
should be noted that both anomalies are present
in the less evolved potassic compositions
(mg#=0.6, for both groups), suggesting that
these anomalies may have also been inherited
from the magma source.

The incompatible element-enriched nature of
the alkaline magma(s) of the Asuncién-Sapucai
graben is also apparent from the normalized trace

Petrochemistry of Early Cretaceous Potassic Rocks...
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Figure 13 - Chondrite-normalized REE diagram for rocks
from the AB-T suite. Symbols as in Fig. 12.

element plots which include some of the RER
data (Figs. 14 and 15).

In general, B-P and AB-T compositions have
simnilar element enrichment patterns for large ion
lithophile elements (LLILE), i.e. Rb, Ba, and other
incompatible elements like La, Ce, Sm and Tb.
Th and U show relative enrichments in the lavas
and dykes, but generally tend to be depleted.

The high-field-strenght elements (HFSE),
particularly Ta, Nb and Ti, display marked deple-
tion and yielded negative Ta/Nb-Ti anomalies.
These anomalies were generally interpreted (e.g.
Pearce, 1983; Thompson et al., 1984: Nelson,
1992) as characteristic of magmas generated in
subductfon-related environments.

In general, the B-P suite displays higher Ti,
K, Zr, Nb, Y and REE contents than those shown
by the AB-T one.
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1000
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Figure 14 - Primordial mantle-normalized trace element
data for selected specimens of the B-P suite. Normalizing
values are from Wood et al. (1979).

Notably, the IE variations of the potassic
suites from the Asuncién-Sapucai graben es-
sentially mimic those of the associated tholei-
itic basalts (Serra Geral Formation), and
contrast the behaviour of the sodic suites char-
acterized by strong Ta-Nb positive spikes
(Fig. 16).

CONCLUDING REMARKS

The ASU province as a whole exhibits a
wide range in composition, where intrusives,
lavas and dykes display similar petrochemical
variations. This probably reflects similar paren-
tal magmas. The dykes may have been potential
feeders for the potassic magma(s).
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1000 -
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Figure 15 - Primordial mantie-normalized trace element
data for selected specimens of the AB-T suite.

All compositions representative of the less
evolved magmas (mg# 0.63-0.73) yielded low Cr
and Ni, indicating that they are likely to be de-
rivative of more “primitive” compositions
{Green, 1971; Sato, 1977).

The variation diagrams show large scatter and
the observed trends are indicative of complex
petrogenetic processes, combined with fracticnal
crystallization, in the evolution of the Paraguay
magmas.

Chondrite-normalized REE patterns display
strong HREE fractionation, supporfing a garnet
peridotite mantle sources both for the B-P and
AB-T suites.

Hygromagmatophile element patterns show
strong LILE/HEFSE fractionation and negative Ta-
Nb and Ti spikes that parallel those of the associ-
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ated tholeiitic flood basalts of the Serra Geral
Formation.

Therefore, the popular interpretation that simi-
lar Ta-Nb, and Ti anomalies for HKS suites else-
where indicate a subduction-driven magma genesis
{e.g. Roman Region Lavas; cf. Civetta et al., 1987,
and Beccaluva et al., 1991) is not applicable to the
Paraguay alkaline province. Notably, the Tertiary
sodic suites spatially associated with the ASU po-
tassic rocks, shows strong Ta-Nb positive spikes
(cf. Comin-Chiaramonti et al., 1992).

1000

B-P

104

w—p—  H-Ti Tholeii{es

—— L-Ti Tholeiites

s
1

e Na-Ankaratrites

Rock-types/Primordial Mantle

RbBaTh U K TaNblaCeSrNdP ZrSmTi Th Y YbLu

T T T T T

Figure 16 - Primordial mantle-normalized trace element
data for B-P and AB-T suites, compared with high-Ti (H-
Ti) and low-Ti (L-Ti) Parani tholeiites and ASU Na-suites.
Data sources: Comin-Chjaramonti et al. {1991, 1992).
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